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My invention pertains to jet propulsion and 
more particularly to methods and means for in- 
creasing the reliability of rocket motors utilizing 
solid propellants. З 

An object of my invention is to provide а rocket 
motor of the solid propellant type in which “re- 
stricted burning” takes place; that is, the charge 
burns over its exposed surface without burning 
down between the charge and the chamber wall. 

Other objects are to obtain an improved con- 
stant thrust over a substantial period of time; 
and still other objects are to provide а propellant 
charge adapted to be carried through a wide 
range of temperatures and which can be recon- 
ditioned if subjected to extremes of temperatures 
or other conditions. 

‘Rocket motors containing solid propellant 
ordinarily comprise а combustion chamber hav- 
ing a nozzle in the wall thereof, a combustion 
charge within the chamber, and means for ignit- 
ing the charge. The propellant in the chamber 
in this type of motor is a charge of solid com- 
bustible material which when ignited generates 
gas which escapes at high velocity through the 
nozzle: 

In its broad aspect, my invention involves the 
use of a thermoplastic propellant substance com- 
prising a fuel and the oxidizer required бо burn 
the fuel. I prefer to place this charge in the 
chamber so that it provides а, limited exposed 
area upon which combustion occurs. 

According to a feature of my invention I bond 
the charge to the inside chamber wall to prevent 
the undesirable burning between the charge and 
the wall. 

In the preferred form of my invention the 
Propellant charge is of a thermoplastic nature 
and the ‘bonding liner between the charge and 

“the chamber is also a thermoplastic material. I 
prefer to use for the thermoplastic charge a com- 
bustible organic semi-solid, especially one of a 
predominantly hydrogen and carbon content. 
Hydrocarbons are preferred to other organic 
solids because of their high heats of combustion. 
I have found bitumens, especially asphalts, to be 
particularly suitable for the fuel component of 
the propellant. 

Asphalts are preferred to other hydrocarbons 
because of the wide range of atmospheric tem- 
peratures over which they are plastic. Of the 
asphalts themselves I have found air-blown 


asphalts of a naphthenic or mixed naphthenic · 


апа paraffin base to be most satisfactory és- 
pecially when mixed with a small proportion of 
а compatible oil of high viscosity index. 


(СІ. 60—35.6) 


For the oxidizer I prefer to use one composed 


-of fine solid particles uniformly dispersed in the 


plastic fuel of the character. indicated above. 
The amount of fuel is preferably at least sufficient 
to fill the interstices between the particles of the 
comminuted oxidizer. The preferred oxidizer is 
potassium perchlorate (KClOs4) which is highly 
useful in the mixture because it contains a large 
amount of oxygen available for combustion, be- 
cause of its stability both alone and in combina- 
tion with plastic fuels, because of its commercial 


` availability апа comparatively low price, and þe- 


cause of its non-hygroscopic character. 

I have found that a mixture of about three 
parts of КСІО; to one part asphalt produces а 
propellant which is sufficiently plastic, substan- 
tialy impermeabble, and at the same time con- 
tains the desired excess of fuel. 

2 The plastic liner between the propellant charge 
and the. combustion chamber wall may be 


~ asphaltic. 


To place the charge and the liner in the com- 
bustion chamber, I prefer first to coat the vessel 
forming the chamber with the thermoplastic liner 
and then cast the propellant in the lined vessel 
by pouring the propellant into the vessel at a 
temperature in a range such that the propellant 
flows readily without melting the liner. : 

In those mixtures with asphalt which utilize 
high viscosity index oil compatible with the as- 
phalt, paraffinic base oils are suitable for this 
purpose. 

The foregoing and other objects, embodiments, 
and features of my invention will be more readily 
understood by reference to the accompanying 
drawings in which: . 

Fig. 115 a sectional view of a rocket motor con- 
structed in accordance with my invention and 
utilizing a bonding liner between the propellant 
charge апа the motor chamber; | 

Fig. 2 is a fragmentary side elevation partly 
in section of the nozzle and jet motor cap taken 
on the line 2—2 of Fig. 1; 

Fig. 3 is a similar sectional view of another 


. form of my invention utilizing a cartridge to 


which the propellant is bonded; 
Fig. 4 represents graphs showing how the 


chamber pressure of a rocket motor varies as a 


function of time during its operation with and 
without my invention; 

Pig. 5 is a block diagram showing the main 
steps of a process for making a rocket’ motor 


-in accordance with my invention; and 


Fig. 6 is a graph showing penetration vs. tem-- 


55 perature curves for some of the propellants. 
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DEFINITIONS 


A few definitions are given here to aid in the 
explanation of my invention. 

Propellants—A distinction is made in this ap- 
plication between propellants and explosives. 

As used herein the term propellant includes 
а substance which when ignited at some point 
on the surface thereof may burn progressively 
from that point to others at a visually percepti- 
ble rate. Propellants, for example, confined in 
an apertured chamber may burn at a rate 02 the 
order of from about У inch to 30 inches рег sec- 
ond when the pressure of the combustion gases 
in contact with the burning surface is of the 
order of from about 200 to 60,0000 155. per square 
inch respectively. 

On the other hand the term explosive is used 
to indicate a material in which combustion is 
propagated almost instantaneously. Thus, for 

example, combustion may be propagated in most 
explosives at velocities comparable to and greater 
than the speed of sound. 

Plasticity —A material is said to be plastic if it 
is capable of being deformed continuously and 
permanently іп any direction without rupture 
under a stress exceeding the yield value. In 
other words, a material is considered plastic if it 
does not recover its original shape when the 
applied force is released. The plasticity of a 
substance is a measure of its capacity for such 
deformation. 

Ductility—aAs used herein the term ductility is 
а measure in cm. of the cohesion of a plastic ma- 
terial as determined by the well known method 
due to Dow. (See for example “Asphalts and 
Allied Substances” by H. Abraham, p. 848, 4th 
ed., Van Nostrand, 1938.) 

Penetration—As used herein the term pene- 
tration is the degree of plasticity measured at 
any temperature by the distance in units of 0.01 
em. that a specified needle can be pressed into a 
plastic material by a force of 100 grams acting 
for a period of 5 seconds. The procedure for 
making such tests is described under the title 
“Test Мо. D5-25” of the American Society for 
Testing Materials (A. 8. T. M.). A substance 
whose. penetration varies with temperature is 
said to be thermoplastic. 

Penetration susceptibility——As used herein the 
terms penetration susceptibility shall be taken as 
the change in the common logarithm of penetra- 
tion for one degree change in temperature 


(ger logio р 


The penetration susceptibility of the fuels and 
propellants described herein is practically inde- 
pendent of temperature over a wide range and is 
thus approximately a straight line when the 
logarithm of penetration is plotted against tem- 
perature. 

GENERAL DISCUSSION 


In Fig. 1 there is illustrated a rocket motor 
having a plastic propellant cast in a plastic lined 
combustion chamber. For simplicity the motor 
shall be described in its standing position (with 
its axis vertical) as this is the normal position 
of the motor during storage. 

This rocket motor comprises an elongated cyl- 
indrical vessel 17 of uniform circular cross sec- 
tional area for a substantial portion of its length 
and having its thrust axis X—X vertical. The 
bottom (closed) end of the vessel 15 rounded. The 
upper end is threaded to permit closure by a 


10 


30 


бо 


70 


4 
threaded сар 19. The cap has an ignitor 21 апда 
converging-diverging nozzle 23 of the De Laval 
type embodied therein. Except for the opening 
in the throat 25 of the nozzle, the vessel and 
cap form a closed combustion chamber. 

The ignitor and nozzle are not drawn to scale; 
in practice the ignitor and nozzle are so propor- 
tioned and positioned on the cap that gas ex- 
hausted through the nozzle wiil not burn the ig- 
nitor. 

The nozzle may be secured to the end plate by 
any suitable means such as a collar 31 projecting 
from the exterior periphery of the nozzle and 
fitting snugly in a countersunk bore in the inte- 
rior face of the cap i$. The nozzle may be held 
in place by means of a retaining ring 33 held 
against the lower face of the nozzle within the 
combustion chamber by means of screws 35 
threadably engaging the wall of the cap as shown 
more in detail in Fig. 2. The minimum cross sec- 
tional area of the nozzle throat is made appreci-: 
ably smaller than the cross-sectional area of the 
combustion chamber 50 as to permit gas to form 
at high pressure and temperature within the 
combustion chamber and escape through the 
nozzle at high velocity. 

The ignitor comprises a hollow elongated body 
member 55 having a restricted open end 37 there- 
in threadably secured to the cap in a threaded 
bore 38 extending through the cap wall. Said 
ignitor includes an ignition charge 39 with a 
Nichrome filament 40 embedded therein at the 
upper end. A secondary ignitor charge 43 has a 
passage aligned with the axis of said body mem- 
ber and is included within the large portion of 
the body member between the ignition charge 39 
and the open end 37. Insulated electrical leads 
41 connected to the filament pass through in- 
sulated passages in the wall of a cap 42 which 
seals the upper end of the ignitor body 26. 

A propellant charge 27, composed of a thermo- 
plastic material fills said vessel up to some pre- 
determined level and has a substantially flat 
horizontal exposed (free) surface 28 at the upper 


, end. A liner 28 binds the propellant charge to 


the vessel wall at least on the upper portion of 
the side surface of the charge but preferably- 
throughout the entire side surface. For sim- 
plicity of manufacture, the liner is cast in the 
vessel and covers the entire surface of that por- 
tion of the vessel which includes the propellant 
charge. . 

Said liner is made of a material which. may 
readily adhere to the chamber wall and to the 
propellant charge and is preferably of a thermo- 
plastic nature. Such a plastic liner improves the 
dependability of the rocket motor, especially if 
the propellant charge comprises a fine grained 
component, and is preferably composed of a ma- 
terial which is more plastic than the propellant 
material itself so as to reduce any tendency of 
the propellant charge itself to fracture when sub- 
jected to shock or thermal stresses. 

Said rocket motor may be secured to the under 
portion of an airplane in any convenient manner 
such as by siraps (not shown) attached to the 
airplane and fastened snugly about the wall of 
the combustion chamber. The operation of such 
a rocket motor may be initiated by passing elec- 
tricity through said filament. 40 by connecting 
said leads through a switch in the pilot’s com- 
partment to a battery or other source of elec- 
trical energy. When the ignition temperature of 
Said ignition charge 39 is reached, said charge 
explodes and ignites the secondary charge 43, 


= 


° 


5 


which in turn projects hot gases against the | 


exposed surface 28 of the propellant charge, 
thereby initiating the combustion of the propel- 
lant. 

As the propellant charge burns, it is converted 
into gas at high temperature and pressure. As 
the pressure in the open portion 43 of the com- 
bustion chamber increases, the combustion ex- 
tends across the entire cross section of the rocket 
motor and the charge burns more rapidly. If the 
charge is functioning properly, i. e., the com- 
bustion is properly restricted, the combustion 
progresses through the charge in a direction 
parallel to the motor axis Х--Х always leaving а 
substantially flat exposed surface normal to the 
motor axis until the entire charge is consumed. 
The spreading of combustion іо the remaining 
exterior surface of the propellant charge is pre- 
vented by virtue of the fact that a gas-proof 
bond exists between said surface and the vessel 
wall. In this case proper bonding is secured by 
means of the plastic liner. 

While the jet motor operates gas escapes 
through the throat of the nozzle 23 with a high 
velocity. During the initial stage of operation 
the gas pressure within the combustion cham- 
ber increases rapidly soon reaching a maximum 
value indicated by the portion a of the curve R 
shown in Fig. 3 within a short time of the order 
of about one second. As the burning continues 
the volume of the uncharged portion 43 of the 
combustion chamber increases and the pressure 
usually decreases gradually at a slow rate as indi- 
cated by the slightly inclined portion b of said 
curve. Finally at the end of the period of motor 
operation the pressure decreases rapidly as indi- 
cated by the steep portion с of said curve. The 
temperature of the gas varies in a correspond- 
ing manner. Thus, during the extended period 
when the pressure is decreasing gradually, the 
thrust produced by the rocket motor due to the 
escape of gas through the nozzle is substantially 
constant. . This constancy is achieved by limiting 
the burning of the charge at any one time to a 
flat surface of uniform cross section extending 
across the vessel and by continuing the burning 
for a long time. 

If for some reason the propellant charge should 
be separated from the chamber wall at the ex- 


posed: end, the propellant may burn at Ше; 


separated portion and as a result build up pres- 
sure within the combustion chamber at an un- 


expectedly excessive rate. Such burning on the 


side of the charge may extend over a wider area 
very rapidly and thereby. produce unrestricted 
burning of the charge. In such a case the com- 
bustion of the propellant is accelerated, thus 
generating gas at a higher average pressure and 
for a shorter time and quickly spends itself as 
indicated by the sharply peaked curve U of 
Fig. 4. 

Similar failures are likely to occur due to deep 
fissures that may exist at the exposed end of the 
propellant charge. Such fissures might arise, 
for example, by fracturing produced by thermal 
stresses created within the charge when rapid 
temperature changes take place prior to opera- 
tion. Іп this instance too unrestricted burning 
occurs, building up pressure at an excessive rate 
and expending the propellant in a short time. 

If, however, the charge should separate from 
the chamber wall at a point remote from its 
exposed end, or should fissure within the body 
of the charge, there is less danger of unrestricted 
burning. This is probably due to the fact that as 


10 


6 
the gas pressure builds up within the combustion 
chamber the plastic charge is urged toward the 
closed end of the chamber, thereby securely bond- 
ing the charge to the wall at such a point of 


· Separation and closing such fissures. 


A second embodiment of my invention is shown 
in Fig. 3. In this instance, the combustion 
chamber is flat at the end thereof remote from 
the nozzle and is adapted to hold a. cartridge 
containing a plastic propellant. 

Thus, as shown a soft paper cartridge. 5! of 


| cylindrical cross section is filled with a plastic 


15 


20 


25 


30 


40 


60 


76 


15 


propellant bonded to the cartridge wall. The 
cartridge fits snugly within the combustion 
chamber vessel 47 with the open end of the car- 
tridge at the nozzle end of the motor. 

In this instance the burning of the propellant 
is restricted to the exposed end of the propellant 
by virtue of the fact that the propellant is firmly 
bonded to the cartridge wall and the material of 
which the cartridge wall is made burns more 
Slowly than the propellant itself. 

In this case too, it is advisable to store the 
cartridges or the charged motors in а vertical 
position to avoid separation of the propellant 
charge from the cartridge wall and to provide for 
self-sealing of any fissures that might occur with- 
in the propellant charge or at its open end. 

The propellants which I have found particular- 
ly suitable for my purposes have comprised fine 
Particles of solid oxidizing agents substantially 
uniformly dispersed in a matrix formed by a plas- 
tic fuel. Such matrices serve as binding agents 
for the oxidizers and when used in sufficient quan- 
tities render the resulting propellants substan- 
tially impermeable even if slightly porous by in- 
complete compacting. Such a matrix gives both 
coherence and plasticity to the resulting propel- 
lant. Besides acting as a binding agent and filler 
such а matrix acts as а cushion between the раг- 
ticles of oxidizer thereby reducing the transmis- 
sion of shock from one portion of the oxidizing 


agent to another. Without this cushioning effect 


shock might be propagated rapidly and detona- 
tion ensue. 

For all the plastic propellants for which I have 
made penetration measurements, I have found 
that the propellants become too brittle to be re- 
liable if the penetration is less than about 6 
and that the propellants become too fluid for sat- 
isfactory operation if the penetration exceeds 


about 100. Due to individual peculiarities of the . 


propellants, satisfactory operation over either a 
wider or narrower range may be achieved. The 
exact penetration limit over any individual pro- 
pellant that may be relied upon may be found ex- 
perimentally. At the average temperature of the 
range within which operation of the motor is in- 
tended, the penetration should be about 25. Illus- 
trative examples of some of the specific propel- 
lants and their method of manufacture which I 
have found satisfactory will be discussed herein- 
below. 

In all of the examples of propellants here con- 
sidered the composition is 75% KClO« and 25% 
fuel by weight though the amount of oxidizer may 
readily be varied between about 50 to about 90% 
and still produce a satisfactory propellant. All of 
the propellants were slightly porous though im- 
permeable and had ‘Specific gravities of about 1.5 
їо 1.8. 

The principal steps followed in charging а 
rocket motor are set forth in the block diagram 
and Поз chart shown in Fig. 5, Reference should 
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be made to that flow chart in conjunction with 
the following discussion. 

Measurements of pentration of various propel- 
dants are graphed in Fig. 6. The subscripts of the 
letters P on the curves given there indicate the 
number of the example below in which the cor- 
responding propellant is discussed. In this figure 
ordinates represent the common logarithms of the 
penetration values and abscissae represent tem- 
perature in °F. 5 

On the penetration curves points marked with 
small crosses (+) indicate the limits of the tem- 
perature range outside of which I have found that 
blowouts are very likely to occur. 

The potassium perchlorate used usually assayed 
99% purity and contained less than 0.2 of 1% 


into the coated vessel where it was permitted to 
cool to atmospheric temperature while the vessel 
stood in its normal storage position, that is with 
its axis X—X vertical. 

Motors of the type shown in Fig. 1 charged by 
this process performed satisfactorily under a wide 
variety of handling conditions. This propellant 
operated satisfactorily between about 45° F. and 
130° Е. The temperature limits between which 


10 satisfactory operation could be obtained are indi- 
cated by z’s on curve Pi. 
TABLE I 
15 | | 1 2 


Floatine 8 


‘moisture, less than 0.15 of 1% potassium chlor- Floatine 8 
ate (КС1Оз), and less than 0.15 of 1% potassium atine | ТМ 
chloride (KCl). | | 
The potassium perchlorate was ground and 2) Flash point (Cleveland Open Cup) | Жо 
screened so as to have опе of the following speci- Softening point (ring-and-ball)._..°F_- $$ 197 
fications: Penetration (0.01 сла./100 gms./5 secs.): К к 
SPECIFICATION No. 1 з 
Percent » 166 
Through 100 тезһ-----—-----------------—- 100 4.5 
Through 200 їпезһ--------.-----——--------- 15 #50 Ё2—......-.--------------©Ш--)........--...... 51 
а ae 8 53 
SPECIFICATION No. 2 00 ‚1 over. 169 
Percent ility in CC Se dose 99. 85 99. 80 
Through 125 тезћ__________________-_____ 100 50 ын Си G fas С .0375 1.0229” 


Through 150 тезу _____________----- В 
Through 200 теѕЅ)_ 90.0 to 96.0 
Through 325 шезһ-------—----—-—-- 


Potassium perchlorate having Specification No. 
1 was used in the propellants of Examples Nos. 
1 and 2 and those Specification No. 2 in those of 
the remaining examples. 


Example 1 


A vessel was lined with a coating of Floatine S 
asphalt, such coating having a thickness of be- 
tween about 1s” and Fz”. If the liner is much 


thinner, there is danger of forming а bare patch, 


between the propellant and the vessel wall when 
the charge is cast. If the thickness exceeds ж” 
by any substantial amount, an unnecessary reduc- 
tion in the amount of thrust obtainable from the 
motor is produced. 

The procedure used for producing the coating 
comprised pouring sufficient asphalt into the ves- 
sel at about 350° Е. with the open end directed 
downward at a small angle from the horizontal 
and rotating the vessel rapidly while the asphalt 
gravitated downward along the side of the ves- 
sel. The thickness of the liner obtained depends 
in part upon the angle of tilt, the rate of rota- 
tion, the temperature of the liner material at the 
time it is cast, and its viscosity. 

A propellant was then prepared by gradually 


adding finely comminuted potassium perchlorate . 


to a batch of Floatine S asphalt maintained at a 
temperature of 350° F. in an oil bath. As the po- 
tassium perchlorate was added, the mixture was 
stirred in order to incorporate the potassium 
perchlorate completely and to produce a uniform 
dispersion of the oxidizer in the resulltant mix- 
ture. The resultant propellant had a penetration 
of about 10 at 70° F. and a susceptibility of about 
0.016. The variations of penetration with tem- 
perature of the resultant propellant are indicat- 
ed by curve Р: in Fig. 6. 


After the coating on the interior wall of the ` 


vessel had cooled and hardened the propellant 
mixture was poured at a temperature of 350° Е. 


35 


Floatine 8 is the trade name for an air-blown 
asphalt manufactured by the Paraffin Com- 
panies, Inc., Emeryville, California: This as- 
phalt is derived from. crude petroleum obtained 
from a field located at Orcutt, California. 


40 
Example 2 


A fuel adapted for reliable operation over a 
wide temperature range was made by adding 
15% Aristo oil having a viscosity rating of SAE 
10 to 85% Floatine S asphalt to form a fuel mix- 
ture. The two fuel components were thor- 
oughly mixed by heating and stirring together 
at a temperature of 350° Е. 

Aristo oil is produced by the Union Oil Com- 
pany, (Wilmington, California,) by a solvent 
process. The specifications of this oil are given 
in Table II. The specifications of the resultant 
fuel mixture are given in column 2 of Table I. 

A liner from y” to Же” thick was formed іп 
the vessel by pouring sufficient quantity of the 
fuel mixture into the vessel at a temperature of 
350° F. and tilting and rotating the vessel as 
hereinbefore described in conjunction with Ex- 
ample 1. 

Potassium perchlorate was incorporated in the 
asphalt-oil mixture fuel by adding it gradually 
and stirring the mixture thoroughly, all the 
while maintaining the temperaure of the re- 
sultant mixture between about 220° and about 
350° F. If the temperature of the propellant 
mixture should be raised inadvertently too high 
(about about 400° F.) potassium perchlorate is 
liable to decompose. Below a temperature of 
about 220° F., the mixture became difficult to 
work. 

The propeliant mixture was then poured into 
the coated vessel while the mixture was at a 
casting temperature between 240° Е. and 260° 
F. and puddled regularly by agitating with a 


50 


60 


10 


25. 


2,563,265 


rod to reduce formation of air bubbles and 
pockets in the charge. | | 

It was found desirable to control the casting 
temperature accurately. At the temperature in- 
dicated the propellant has a consistency com- 
parable to that of putty or bread dough and 
is accordingly readily cast. Below this temper- 
ature the propellant becomes more difficult to 
work. If the propellant is poured at a higher 
temperature the liner is liable to melt through 
at some points. 


TABLE И ; 

Properties of Aristo Oil, SAE 10 
Pour рот —--------------------- “ы. 80 
Gravity а аа шш А.Р... 20.5 

` Viscosity (Saybolt Universal) : | 

100° Е._____________ ПЕТИНЕ. sec- 44 
210° о У ша ша sec__ 44 
Sülfür с esses cee рег cent.. 0.75 
Carbon) га ese салыса аа do__.. 87.11 
Hydrogen ___------___-_---__----_ do... 12.14 
Cal. value (В. +. ил). _______________ 19,336 


The penetration vs. temperature curves for the 
propellant is indicated by the curve marked Ра 
in Fig. 6. The propellant had a penetration of 
about 20 at 70° F., and a susceptibility of about 
0.016. 

Robert motors formed by this process operated 
satisfactorily between 30° and 120° F., the limits 
being indicated by 25 on the penetration-tem- 
perature curve. 


Example 3 


Another fuel was prepared having the com- 
position of 70% Floatine 5 asphalt and 30% 
Aristo oil, and a propellant prepared and a- mo- 
tor charged by substantially the same procedure 
as that described in Example’ 2. 

Motors lined with such a fuel and charged 
with a propellant comprising such a fuel, were 
found to operate satisfactorily over a tempera- 
ture range extending from about minus 5° Р. to 
about 90° F. The limits of the safe operating 
range are also indicated by z’s on the curve. 
Penetration vs. temperature data for this pro- 
pellant is represented by curve Рз in Fig. 6. The 
propellant had a penetration of about 80 at 70° 
F., and a susceptibility of about 0.016. 

It is noted that the propellants of Examples 1 
and 2 have about the same penetration suscepti- 
bility even though the penetrations of the com- 


. positions differed widely at any given tempera- 


ture. The addition of light oil thus renders the 
propellant softer and permits operation at lower 
temperatures. 


Example 4 


A propellant was prepared utilizing a fuel com- 
prising 85% Floatine S and 15% Pennsylvania 
oil sold under the trade name of “Pure Penn Oil” 
by the Union Oil Company. Except for the 
change in oil and the grind of the perchlorate 
this propellant had the same composition as that 
in Example 2. The penetration vs. temperature 
curve for the resultant propellant is indicated by 
curve P4 in Fig. 6. This propellant had a pene- 
tration of about 22 at 70° F. and а susceptibility 
of about 0.0137. 5 | 

This propellant was plastic over a wider tem- 
perature range than those described in Examples 
1 to 3 inclusive. The improvement in penetra- 
tion susceptibility is due to the fact that the 
blending oil is of a paraffinic nature and has a 
relatively high viscosity index (100). 


10 


А 10 | 
.Motors made with this propellant by substan- 
tially the same procedure described in Example 
3 were found to operate satisfactorily over 8 
temperature range from about 12° Е, to 120° F. 
The temperature limits are indicated by 2% on 
the penetration-temperature curve. 


Example 5 


A propellant having the same composition as 
Example 3 above was prepared except that “Pure 


` Penn Oil” was used instead of Aristo. This pro- 


pellant had a penetration of 45 at 70° Е. and a 
susceptibility of 0.0116. This propellant oper- 
ated safely between —5° Е. and 105° F. 


Example 6 
A propellant was prepared from а fuel com- 


` posed of 85% Economy asphalt and 15% “Pure 
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Penn Oil.” The penetration vs. temperature 
curve for this propellant is represented by the 
line Pe of Fig. 6. This propellant had a pene- 
tration of about 20 at 70° F., and a susceptibility 
of about 0.0065. 

Motors were lined and charged by the proc- 
esses hereinabove described and were found to 
operate safely above 20° F. However, the upper 
safe temperature limit was not found though it 
was well over 120° Е. 

Economy. asphalt is manufactured by the Wil- 


‘shire Ой Company (Los Angeles, California) 


from crude petroleum obtained from Ojai, Cali- 
fornia. 
RANGE OF OPERATION 


From the foregoing examples it will be ob- 
served that when the penetration of a propellant 
falls below about 6, i. e., below a value between 
about 4 to 8 the propellant charge becomes so 
brittle that there is a high probability of fail- 
ures occurring. Similarly if the penetration be- 
еоП125 much over about 100 the propellant be- 
comes too liquid to be relied upon. When such 
propellant charges are used under service con- 
ditions the penetration should be safely within 
this range say between about 8 and 80 or even 
between about 10 and 75. 

The penetration at the average temperature of 
the safe operating range for each of the pro- 
pellants discussed in Examples 1 to 6 are desig- | 
nated by small circles on the respective pene- 
tration-temperature curves. From this data it 
is clear that if motors charged with a given pro- 
pellant are to be used over a given temperature 
range depending on weather conditions or other 
similar. factors influencing the ambient temper- 
ature of operation, the propellant should have a 
penetration of about 25 (i. e. between about 20 
and about 30) in the middle of its operating 
range. The propellant should preferably һауе. 
а low susceptibility. Such low susceptibility may 
be achieved for example by utilizing as a fuel 
а mixture of a high viscosity paraffin base ой and 
а mixed base asphalt such as those obtained from 
Mexico or Mid-Continent crudes. 


RECONDITIONING CHARGED MOTORS 


Rocket motors charged with thermoplasitc pro- 
pellants may be used safely, if they have been 
stored without excessive jarring at temperatures 
within the operating range of the individual pro- 
pellant. If for some reason, the rocket motors 
have been subjected to temperatures outside of 
such range for a substantial period of time, or 
have been handled roughly in shipment, they may 
be reconditioned by subsequent storage at a suit- 
able temperature within said range. As a fur- 
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ther aid іп reconditioning the motor, may be 


bounced by dropping on its bottom. The length. , 


of the reconditioning period required will de- 


pend upon the prior history of the motor апа · 


the temperature at which the reconditioning” 


process is carried out. 

Such successful reconditioning by heat treat- 
ment of the propellant charge is made possible 
by virtue of its thermoplastic nature. The 
charges remain in a ready safe condition partly 
because of the ductility which permits the charge 
to hold together and partly because of the plas- 
tic flow characteristics. When a rocket motor 
of the type described herein:is stored with the 
motor axis in its normal storage position (axis 
vertical) the plastic propellant tends to flow slow- 
ly under the influence of its own weight and at 
а rate dependent upon its temperature, thereby 
poth sealing any fractures that might exist on 
the charge surface or within the charge and also 
bonding itself to the chamber wall. 


SUMMARY · 


While I have illustrated my invention by spe- 
cific reference to fuels composed of asphalt and 
asphalt oil mixtures, it is to be understood that 
satisfactory thermoplastic propellants may be 
made from other fuels having suitable combus- 
tion characteristics and comparable plasticity. 
Materials which may be used as fuels include cup 
grease, rubbery type vegetable oil pitch, шіх- 
tures of coal tar pitch and ethyl cellulose, mix- 
tures of various asphalts, and other combustible 
thermoplastic materials. Other oxidizers may 
also be used. 

By charging a vessel (or a cartridge) adapted 
for forming part of a combustion chamber of a 
rocket motor with a thermoplastic propellant of 
suitable penetration in the range of operation, 
reliable restricted burning may be achieved. 
Such charging is preferably performed by cast- 
ing the propellant in the motor by pouring at an 
elevated temperature. In the preferred embodi- 
ment of my invention the vessel is coated with a 
thermoplastic oxidizer free liner which is softer 
than the propellant itself and which is adapted to 
adhere to both the propellant and the vessel 
wall. 
motor at the extreme temperatures of operation 
especially the low temperatures. By virtue of 
their restricted burning characteristic, which may 
be depended upon for long times after charging, 
motors charged with such propellants are exceed- 
ingly dependable and at the same time achieve 
high efficiency in the utilization of thermal en- 
ergy of propellants especially for assisted take- 
off purposes. 

From the foregoing disclosure of my invention 
it is seen that I have provided improved propel- 
lants and rocket motor adapted for restricted 
burning and have also provided a simple method 
for preparing such propellants and for charging 
such rocket motors. 

I claim: 

1. In combination with a vessel forming a 
rocket motor combustion chamber, а thermo- 
plastic coating on the interior wall of the cham- 
ber, and a thermoplastic propellant charge filling 
the coated portion of the chamber, said coating 
adhering to the propellant charge and to the 
chamber wall. 

2. In combination with a vessel forming a 
rocket motor combustion chamber, a thermoplas- 

` tic asphalt base coating on the interior wall of 
the chamber, a thermoplastic asphalt base pro- 


Such liners improve the reliability of the- 
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pellant charge filling the coated portion of the 
chamber, said coating adhering to the propellant 
charge and to the chamber wall. 

3. In combination with a vessel adapted for 
forming part of a rocket motor combustion cham- 
ber, a thermoplastic propellant charge filling a 
portion of the chamber including the closed end, 
а coating on the interior wall of the chamber at 
said end, said coating being adapted to adhere to 
the propellant charge and to the chamber wall. 

4. In combination with a vessel forming a 
rocket motor combustion chamber, an imper- 
meable thermoplastic propellant charge consist- 
ing of one component suspended in another with 
which it is adapted to react upon ignition, said 
charge being bonded to the vessel wall by а 
thermoplastic layer interposed between wall 
charge. | ‹ ; ) 

5. Іп combination with а vessel forming а 
reoket motor combustion chamber, an imperme- 
able plastic propellant charge consisting of one 


` component suspended in another with which it 
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40 


is adapted to react upon ignition, said charge 

having а flat surface at the free end thereof and ' 
having its remaining exterior surface bonded to 

the vessel wall by a thermoplastic layer. 

6. In combination with a vessel forming a 
rocket motor combustion chamber, a thermoplas- 
tic propellant charge therein and a coating sub- 
stantially free of oxidizer between the surface of 
the charge and the vessel wall and adapted to 
prevent ignition of the side wall of said charge, 
said coating adhering to the propellant charge. 

7. In combination with a vessel forming a 
rocket motor combustion chamber, a thermoplas- 
tic propellant charge therein consisting of an as- 
phalt base fuel and a finely divided solid oxidizer, 
and an adhesive asphalt basecoating substantially 
free of oxidizer between the surface of the charge 
and the vessel wall and bonding the two together 
and adapted to prevent ignition of the side wall of 


‚ Said charge, said coating adhering to the propel- 
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lant charge. ) 

8. In combination with a vessel адарјед ог 
forming part of a rocket motor combustion 
а ductile thermoplastic propellant 
charge cast therein апа bonded thermoplastically 
to the vessel wall. 

9. In combination with a vessel adapted for 
forming part of a rocket motor combustion cham- 
ber, an impermeable ductile thermoplastic рго- 
pellant charge therein, and a thermoplastic coat- 
ing bonding the charge to the vessel wall. 

10. In combination with a vessel forming a 
rocket motor combustion chamber, an adherent 
coating on a part of the interior wall of the 
chamber including the closed end thereof, said 
coating comprising a mixture of asphalt and oil, 
and a propellant charge filling the coated portion 
of the chamber and adhering to the coating, said ` 
propellant charge consisting’ of a finely ground 
solid oxidizer suspended in a fuel mixture of as- 
phalt and oil and having a penetration between 
about 6 and 100 at the temperature of motor 
operation, said coating adhering to the ргорећ-: 


lant charge and to the chamber wall. ë 


11. In combination with a vessel forming a 
rocket motor combustion chamber, an adherent 
asphaltic coating on a part of the interior wall 
of the chamber including the closed end there- 
of, and a propellant charge filling the coated por- 
tion of the chamber, said propellant charge com- 
prising between about 50% and 90% finely 
ground KClO: by weight, the remainder being 
а fuel mixture of asphalt and oil, said propel- 
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lant having а penetration between about 6 and 
100 at the temperature of motor operation, said 
coating adhering to the propellant charge and 
to the chamber wall. | 

12. In a rocket motor, the combination which 
comprises а combustion chamber, a thermoplas- 
tic lining substantially free of oxidizer bonded 
to the chamber wall, and a thermoplastic ргоре1- 
lant charge having a finely divided solid oxidizer 
distributed therein disposed in the chamber and 
adhering to the lining. 

13. A propellant charge in the form of a solid 
stick without crevices or voids and having a 
penetration from 6 to 100 at the ambient tem- 
perature, said stick having a side wall and a 
flat continuous exposed end surface, said charge 
comprising a mixture of about 75% potassium 
perchlorate and about 25% of thermoplastic fuel 
consisting principally of asphalt, the side wall 
of said charge being Ниса with a thermoplastic 
liner containing asphalt with substantially no 
oxidizer, said liner being intimately adherent to 
the wall of the charge, whereby burning may 
readily occur on the exposed end surface but not 
on the lined side wall. 

14. A propellant charge in the form of a solid 
stick without crevices or voids, said stick having a 
a side wall and a flat continuous exposed end 
wall, said charge comprising a mixture of about 
75% potassium perchlorate and about 25% of 
thermoplastic fuel, the fuel consisting of about 
85% airblown asphalt and about 15% oil, the 
side wall of said charge being lined with a ther- 
moplastic liner containing asphalt with substan- 
tially no oxidizer, said liner being intimately ad- 
herent to the wall of the charge, whereby burn- 
ing may readily occur on the exposed end sur- 
face but not on the lined side wall. 

15. A propellant charge in the form of a solid 
stick without crevices or voids, said stick having 
a side wall and a flat continuous exposed end 
surface, said charge comprising a mass of ther- 
moplastic propellant having a penetration be- 
tween 6 and 100 at the ambient temperature, 
the propellant composition comprising a fuel se- 
lected from the group consisting of asphalt and 
an asphalt-oil mixture, and a finely divided 
potassium perchlorate oxidized mixed with the 
fuel, the proportioin of the oxidizer being from 
50% to 90% by weight of the composition, the 
side wall of said charge being lined with a ther- 
moplastic liner containing asphalt with substan- 
tially no oxidizer, said liner being intimately ad- 
herent to the wall of the charge, whereby burn- 
ing may readily occur on the exposed end sur- 
face but not on the lined side wall. 

16. A propellant charge for use in the cham- 
ber of a rocket motor, said charge comprising a 
unitary solid stick of a thermoplastic composi- 
tion having a side wall and an end wall which is 
exposed for burning, the stick being substan- 
tially free from crevices and voids and having 
а penetration from 6 to 100 at the ambient tem- 
perature, the composition of the stick compris- 
ing a fuel consisting of hydrocarbon material 
from the group consisting of asphalt and an as- 
phalt-oil mixture, and an oxidizer consisting of 
finely divided potassium perchlorate mixed with 
the fuel, the fuel being present in an amount 
from 10% to 50% by weight of the composition 
and the oxidizer being present in an amount 
from 90% to 50% by weight of the composition. 

17. A propellant charge according to claim 16 
in which the asphalt is airblown asphalt. 

18. A propellant composition comprising a 
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mixture of about 75% potassium perchlorate and 
25% of thermoplastic fuel, the fuel consisting 
of about 30% 8. A. Е. Мо. 10 01 and 10% аз- 
phalt. i 

19. A composition according to claim 18 in 
which the asphalt is air-blown asphalt. 

20. A propellant composition comprising a 
mixture of about 75% potassium perchlorate and 
25% of thermoplastic fuel, the fuel consisting of 
about 15% S. А. Е. No. 10 oil and 85% asphalt. 

21. A propellant composition according to 
claim 20, wherein the asphalt is air-blown as- 
phalt. 

22. A propellant composition comprising a 
mixture of a solid oxidizer and thermoplastic 
fuel, the oxidizer being from about 50% to 90% 
by weight of the composition, the thermoplastic . 
fuel consisting of a mixture- of asphalt and 
S. А. Е. No. 10 oil, the oil being about 15% of 
the asphalt-oil mixture. 

23. А propellant composition according to 
claim 22 in which the asphalt is air-blown as- 
phalt. 

24. A propellant composition comprising a 
mixture of potassium perchlorate and a thermo- 
plastic asphalt-base fuel, said asphalt base fuel 
having the following physical properties: 


Flash point... About 465° Р. 
Softening point (ring-and-ball)_ About 163.5° F. 
Penetration at 77° Е. with a 


loading of 100 2./5 sec_______ About 26 
Ductility (5 cm./min.) аё 77° F_ About 5.8 cm. 
Solubility in CSe__..--.________ About 99.98% 
Solubility in ССИи_._.___________ About 99.85% 


Specific gravity 25° C./25° С____ About 1.037 


the potassium perchlorate being present in 
amounts varying from 50-90% by weight of the 


-propellant composition and the fuel being pres- 


ent in amounts varying from 50-10% by weight 
of the propellant composition. 

25. А propellant composition comprising a 
mixture of potassium perchlorate and a thermo- 
plastic asphalt-base fuel comprising 70-85% as- 
phalt and from 15-30% S. A. E. No. 10 oil, said as- 
phalt base fuel having the following physical 
properties: | 


Flash point _________________ About 456° Е. 
Softening point (ring-and-ball) About 163.5° F. 
Penetration at 77° F. with a 


loading of 100 g./5 520._______ About 26 
Ductility (5 em./min.) at 77° Е. About 5.8 cm. 
Solubility in С852___________ About 99.98% 
Solubility in ССМ... About 99.85% 


Specific gravity 25° C./25° С. - About 1.037 


the potassium perchlorate being’ present in 
amounts varying from 50-90% by weight of the 
propellant composition and the fuel being pres- 
ent in amounts varying from 50-10% by weight 
of the propellant composition. 

26. A propellant charge in the form of a solid 
stick without crevices or voids and having a 
penetration from 6 to 100 at ambient tempera- 
ture, said stick having a side wall and a contin- 
uous exposed end surface, said charge compris- 
ing a mixture of potassium perchlorate and a 
thermoplastic fuel consisting principally of as- 
phalt, the percentage of the perchlorate being 
between 50% and 99% by weight of the charge 
based on the weight of the propellant, the side 
wall of said charge being lined with a thermo- 
plastic liner containing asphalt with substan- 
tially no oxidizer, said liner being intimately ad- 
herent to the wall of the charge whereby: burn- 
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ing may occur on the exposed end surface and 
not on the side of the wall. 
К JOHN W. PARSONS. 
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